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Abstract 
 
 The case is presented of a young boy with a rare chromosome disorder 
involving an interstitial deletion on chromosome 16 (16q11.2q13). Background 
information on chromosome disorders is presented along with a review of previous 
findings about the developmental consequences of chromosome 16q deletions. The 
case description illustrates the developmental and educational difficulties that may be 
associated with rare chromosome disorders and raises some important issues for 
guidance and counselling professionals.   
RARE CHROMOSOME DISORDERS 3
Introduction 
Developmental disabilities are caused by a wide range of factors including 
genetic syndromes, neurological disorders, and various medical and environmental 
conditions.  Knowing the etiology of a child’s difficulties often leads to better 
understanding of the child and provides a more reliable basis for effective 
intervention. The developmental and educational implications of disorders such as 
Down syndrome, Autistic Spectrum Disorder, and Fragile X are well-known and there 
is a considerable body of literature to guide families, educators and other 
professionals who are supporting children with these disorders in various settings, 
including schools. By contrast, when there is no identifiable cause for a child’s 
developmental difficulties, it is often more difficult for families, educators and other 
professionals to determine the most appropriate intervention responses.  
At times, however, when children receive specific diagnoses, the rarity of the 
disorder and limited knowledge about its developmental consequences mean that the 
diagnosis is not particularly helpful. Within this category are a vast number of 
individually rare chromosome disorders which, somewhat disconcertingly, usually 
have no name other than a series of numbers and letters. This paper reports on a child, 
Timothy, with the extremely rare, and possibly unique, diagnosis of deletion 
16q11.2q13. The case is particularly interesting because there are no previously 
documented individuals with this precise chromosome anomaly described in the 
literature.  
The paper begins by providing background information about chromosome 
disorders, followed by a review of previous findings about the developmental 
consequences of chromosome 16 deletions. Timothy’s case is then presented to 
RARE CHROMOSOME DISORDERS 4
illustrate the developmental and educational difficulties that may be associated with 
rare chromosome disorders.    
Chromosome abnormalities 
Each cell in the body has a nucleus containing, in most cases, 23 pairs of 
thread-like chromosomes along which genes are spread. The chromosomes are 
numbered according to length from 1 (longest) to 22 (shortest), with the 23rd pair 
being the sex chromosomes XX (females) or XY (males). Each chromosome consists 
of a long arm (known as q) and a short arm (p) that are joined in the middle by the 
centromere. Based on chromosome banding patterns, a numbering system is used to 
describe regions, bands and sub-bands. An individual’s chromosome make-up, known 
as the karyotype, is described using a standard code that contains the total number of 
chromosomes (usually 46), the sex chromosomes, and details of any anomalies (e.g., 
the affected chromosome and the location at which any breaks have occurred). 
Abnormalities result when segments or entire chromosomes are lost, 
duplicated or rearranged (Gardner & Sutherland, 2004; Obe & Natarajan, 1994). 
Deletions can occur either at the end of a chromosome (terminal) or at some point 
along the chromosome (interstitial). Although spontaneous miscarriages are very 
likely, chromosome abnormalities still occur in 0.5 to 1% of live births. The best 
known chromosome disorder, Down syndrome, results in most cases from an 
additional copy (trisomy) of chromosome 21 in every cell. Other established 
chromosome disorders include Williams (caused by a deletion on 7q), Prader-Willi 
(usually involving a deletion on 15q), Cri-du-Chat (5p15 terminal deletion) and 
Velocardiofacial (22q11.2 microdeletion) syndromes.  
 Outcomes including developmental delay, intellectual disability, delayed or 
impaired speech, sensory deficits and medical problems such as congenital cardiac 
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defects are commonly found in individuals with chromosome disorders, and some 
syndromes are associated with distinctive features such as obsessive eating in Prader-
Willi (Dykens & Cassidy, 1999; Russell & Oliver, 2003) and a cat-like cry in infants 
with Cri-du-Chat (Cornish, Munir, & Bramble, 1998).   
The less common chromosome disorders usually appear in the literature only 
as isolated case reports and at times it may be impossible to locate a published case 
matching the karyotype of an individual seen in practice. Even when case reports are 
available, they often neglect developmental information, focusing on genetic, physical 
and medical details without also considering data about the cognitive, social-
emotional and behavioural outcomes that are invaluable for guiding effective 
interventions and appropriate educational placements.   
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Chromosome 16q abnormalities 
Published reports of chromosome 16 abnormalities are rare. Most focus only 
on single cases, and few share precisely the same karyotype. With the exception of a 
small number of reports of individuals with ring chromosomes (resulting when both 
tips break off and the sticky ends then join together), most papers about chromosome 
16 abnormalities have documented cases with deleted segments on the long arm. It 
has been suggested that there are critical regions within 16q11.2q13 (Doco-Fenzy et 
al., 1994; Elder, Ferguson, & Lockhart, 1984), 16q21 (Lin, Lowry, & Snyder, 1983; 
Naritomi et al., 1988) and/or 16q22 (Fujiwara, Yoshimotor, Morita, & Kamada, 1992) 
which produce a pattern of features including growth retardation, intellectual 
disability, physical anomalies, renal and musculoskeletal malformations and 
congenital heart defects. In reviews of previously reported 16q- cases, intellectual 
disability and failure to thrive occurred in every instance (Casamassima, Klein, 
Wilmot, Brenholz, & Shapiro, 1990; Doco-Fenzy et al., 1994). 
Establishing a clear picture of the developmental consequences of 
chromosome 16q deletions is difficult because of the small number of published 
reports, the limited developmental data that are usually provided, the lack of data at 
more than one point in time, and the fact that the cases vary considerably in relation to 
the exact breakpoints and size of deleted segments (Callen et al., 1993). There are no 
published cases in the literature with deletions of the region q11.2q13 on chromosome 
16. Neither are there any other identical cases recorded in the database held by 
Unique, the Rare Chromosome Disorder Support Group that has collected the 
longitudinal histories of 5,500 individuals with rare chromosome disorders worldwide 
since 1984. There are, however, published reports of individuals with deletions that 
include part of the q11.2q13 region.  
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The segment q12.2q13 was missing in identical twins described by Elder et al. 
(1984) and a similar portion (q12.1q13) was reportedly deleted in a 10-year-old boy 
(Schuffenhauer et al., 1992) although this was subsequently revised to 16q11.2q12.2 
by Callen et al. (1993). All of these children had severe psychomotor retardation and, 
in the case of the 10-year-old, autism. An infant described by Krauss, Caldwell and 
Atkins (1987) had deletion 16q11.1q13; however, it appeared that part of the 
centromere was also missing. With severe cognitive delay and heart defects, this child 
failed to thrive and died at 18 months of age. The region 16q11.2q12.2 was missing 
for a child reported by Doco-Fenzy et al. (1994). The 18 month old girl reportedly had 
a range of physical anomalies in combination with psychomotor retardation. Larger 
deletions are presumably not survivable. A male foetus with the deletion 16q11.2q21 
reported by Knoblauch et al. (2000) had multiple abnormalities and was terminated at 
25 weeks gestation. 
In summary, the literature on 16q deletions, though relatively sparse, describes 
an array of serious medical and developmental consequences. Although there are no 
published cases with the deletion 16q11.2q13, four children who had lost only part of 
this chromosome material (i.e., deletion q12.1/q12.2q13 but with q11.2q12.1/12.2 
intact or vice versa) had significant impairments. The prognosis for a child with the 
larger deletion of 16q11.2q13 would thus appear to be relatively poor.  
Case Report 
Early childhood development 
Timothy was born at term following a pregnancy that was uncomplicated apart 
from threatened labour at 25 weeks. Birthweight (3335g) and length (52cm) were 
within the normal range, and early milestones reportedly were achieved at typical 
ages. Timothy walked independently just before his first birthday, but delays in 
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speech and fine motor skills were confirmed by assessments at age 3. He commenced 
early intervention and, by 4 years of age, expressive language was assessed to be 
within the average range. However, gross motor problems became evident at this 
time, and a Griffiths assessment showed mild cognitive delays. Timothy was referred 
for cytogenetic analysis to determine whether his difficulties were due to 
Velocardiofacial syndrome; instead, an interstitial deletion on chromosome 16 
(16q11.2q13) was identified (see Figure 1). It is not certain that the deletion arose as a 
spontaneous event because Timothy’s father decided not to have his chromosomes 
studied at that time. 
INSERT FIGURE 1 ABOUT HERE 
In the year prior to school entry, at age 5, Timothy’s receptive and expressive 
language were determined to be age-appropriate, although he produced many speech 
sounds from his nose rather than his mouth. He continued to display difficulties with 
visual motor and visual spatial abilities, fine motor skills and upper body strength for 
which occupational and physiotherapy were provided. A Wechsler Preschool and 
Primary Scale of Intelligence – Revised (WPPSI-R) assessment showed overall 
intellectual ability in the upper mild range of impairment, with better verbal than 
performance skills. Recognising that Timothy’s difficulties meant he would be at risk 
educationally the following year, the clinical geneticist noted that “the use of the 
chromosome 16 deletion label may help him receive special aides.” As it happened, 
this label was not considered to be very satisfactory by the school principal who asked 
Timothy’s mother to “give me a name for what’s wrong with him.” 
Educational history 
Timothy made a difficult transition to school with the unanticipated 
emergence of a range of behavioural difficulties in Year 1 leading to a request for 
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behaviour support in the classroom. He continued to experience difficulties with 
adjustment and anxiety and eventually impairments of hearing and vision were 
identified. In the later part of the year, Timothy was suspended from school. 
He commenced the following year in a new school where he spent the next 
three years in Years 2-4 struggling with learning and behaviour. During this time he 
continued to receive occupational and physiotherapy. Language assessments showed 
average results although Timothy’s articulation difficulties persisted. Administrations 
of the Wechsler Intelligence Scale for Children – Third Edition (WISC-III) at ages 7 
and 9 produced results that were consistent with the previous Griffiths and WPPSI-R 
assessments: low average to borderline verbal IQ with performance IQ in the range of 
mild intellectual impairment. During these three years, Timothy missed significant 
amounts of schooling due to asthma and made very slow academic progress. 
Following these four years of formal schooling, Timothy was withdrawn from 
school by his mother and enrolled in distance education. The family then moved 
interstate and began searching for the most appropriate educational placement while 
continuing to home school through distance education. After a year Timothy was 
accepted temporarily at a special school in a regional town – his first special 
education placement. A WISC-IV assessment at age 11 years confirmed previous 
results for intellectual functioning. A Verbal Comprehension Index of 81 indicated 
verbal intelligence in the low average range while nonverbal ability was borderline 
(Perceptual Reasoning Index = 73) and Working Memory and Processing Speed 
scores were somewhat weaker (composite scores of 56 and 65, respectively). On the 
Adaptive Behaviour Assessment System (ABAS) measure of adaptive behaviour, 
scores for functional academic skills and home/school living were rated as below the 
1st percentile by Timothy’s mother and teacher while his mother also rated self-
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direction and social skills below the 1st percentile. On the basis of these results, and 
despite consistent psychometric findings of low average to borderline verbal 
intelligence, the school Guidance Officer concluded that Timothy was functioning 
within the intellectually impaired range, and his special school placement was 
continued. Timothy’s academic skills are still very limited, and he continues to have 
difficulties relating to his peers in the school setting.  
Discussion 
Timothy’s case illustrates the developmental consequences of a rare 
chromosome disorder and highlights some important issues for professionals who are 
supporting children with unusual developmental disabilities. As far as we can tell, 
Timothy is unique. Despite extensive searches of the literature and the family 
databases held by organisations such as Unique, no other individuals with exactly the 
same karyotype can be identified. There is no name for what is wrong with Timothy. 
Contrary to the geneticist’s belief, the diagnosis of deletion 16q11.2q13 was not very 
helpful, simply because it was incomprehensible to non-medical professionals. 
If Timothy had been diagnosed with a more familiar developmental disability 
such as Down syndrome, it is likely that education systems would have responded to 
his special needs in a more systematic and effective manner. Without such a label, 
understanding of the implications of Timothy’s diagnosis was limited or nonexistent. 
Guidance and learning support staff struggled to determine the nature and 
permanency of his special needs. Even if they had accessed the literature about 
chromosome 16 deletions, it would probably have proved confusing and certainly 
would have been inadequate. The published case reports are exclusively within 
medical journals whose usual focus is on complex genetic, physical and medical 
aspects of disorders. Unfortunately, considerably less attention is given to data about 
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cognitive, social-emotional and behavioural consequences which would be of value to 
teachers, psychologists, guidance counsellors and families, although Unique is 
currently developing information brochures on 16q deletions for a lay audience.   
It is clear that Timothy does not have the level of impairment that would be 
expected on the basis of the literature. Children who are missing only part of the 
16q11.2q13 region that Timothy has lost reportedly have numerous physical 
anomalies, serious medical concerns, and significant psychomotor retardation. 
Timothy does not resemble any of the reported cases. Perhaps individuals who are 
affected more severely are more likely to be identified and reported in the literature. If 
this is true, then the literature is not reflecting the range of developmental outcomes 
that may be achievable.  
Although Timothy is functioning at a higher level than the published cases, he 
nevertheless has difficulties in many areas which have impeded his progress at school 
quite significantly. During early childhood, problems with fine and gross motor skills, 
visual motor and visual spatial difficulties were identified. It was not until age 6 that 
impairments in hearing and vision were detected. Behavioural difficulties in the 
classroom developed at this time, although no problems were evident at home. 
Surprisingly, Timothy’s cognitive and language development has not been 
significantly affected by his chromosome disorder. Although speech delays were 
evident at age 3, he was responsive to therapy, achieving age-appropriate levels of 
expressive language skills by age 4. Receptive and expressive language continued to 
be assessed as age-appropriate at ages 5 and 7. Results from intellectual assessments 
have been remarkably consistent over time, showing a very stable pattern of low 
average to borderline verbal intelligence and borderline to upper mild range of 
impairment for nonverbal skills at ages 5, 7, 9 and 11 years.  
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While we would question the conclusion of intellectual impairment, this 
diagnosis has led to greater recognition of Timothy’s special needs within the school 
system. Given his poor social skills and very low levels of literacy and numeracy, 
inclusion in a regular school would be difficult to achieve at this time without a high 
level of support and commitment. It is hoped that the special school placement will 
increase his social and academic competence to the extent that he can be included in a 
mainstream placement with support in the future.  
 At 12 years of age, Timothy is now a kind and caring young boy who enjoys 
watching television documentaries and playing computer games. He is fascinated by 
trains and, since discovering eBayTM recently, he has started buying collectable toy 
cars. Despite having very limited reading skills, he talks confidently about a range of 
topics, drawing on knowledge he has gained from television documentaries. Timothy 
particularly wants people to know how much he likes helping others. 
If educators and other professionals are to provide appropriate support and 
guidance for children with rare chromosome disorders, it is imperative that an 
increasing number of cases such as Timothy’s are published, especially within the 
non-medical literature. In this way, we hope that rare chromosome disorders and other 
unusual disabilities will become better understood so that more sensitive, appropriate 
and effective responses are provided within education, service provision and family 
support.  
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Figure 1 
Chromosome 16 showing the deleted segment 
 
 
 
